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INTRODUCTION 
Justification for Study 
Two movement patterns can be identified for many Insects. Pearson 
and Blakeman (1906) categorized Insect dispersal into "flights" from 
habitat to habitat and "flitters" within a habitat. Southwood (1962) 
used the terms "migration" and "trivial movements" to classify Insect 
movement In a similar manner, but he emphasized that the division 
between the two types may be indistinct in some cases. 
Kennedy (1975) described migration as "persistent locomotion" that 
will "effectively straighten out the flier's track." Also, migration is 
characterized by depressed responses to "vegetative" stimuli that 
normally distract insects seeking food, mates, or oviposltlon sites. 
The endpolnt of a migratory movement is frequently beyond the sensory 
range of an Insect at its initial location (Baker 1978). The signifi­
cance of migration with respect to Insect population dynamics was 
thoroughly reviewed by Johnson (1969) and Hughes (1979). 
Trivial movements occur as the insect searches for specific 
requisites needed for normal growth, reproduction, and development. 
These movements tend to be erratic, and the actual distance traveled may 
greatly exceed the resulting net displacement. Most trivial movements 
occur within the "boundary layer," defined by Taylor (1958) as the 
layer of air near the earth's surface where wind speed is retarded to a 
level permitting controlled flight. Determining the range of trivial 
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movements enables us to understand how an Insect searches for requisites 
and Its subsequent Impact on those resources. 
Sampling program results are frequently Influenced by trivial move­
ments of the species Involved. Activity rates affect the number and type 
of samples needed to estimate insect abundance. Snedecor and Cochran 
(1967) presented formulas estimating the number of samples required for 
determining population density with a fixed cost and precision level. 
The population variance is an integral part of these equations, and its 
value is determined by the insects' spatial distribution pattern (Taylor 
1961). However, the spatial distribution of an active insect species can 
change dramatically with time (Taylor and Taylor 1977), and the number of 
samples required may vary with diurnal or seasonal activity cycles. 
Trapping methods measure insect movement and population density 
simultaneously (Southwood 1978). These methods may not be appropriate 
for insects with fluctuating activity levels unless factors responsible 
for the fluctuations are understood. Models could be developed that 
adjust trap catches to standard environmental conditions. 
Knowledge of an Insect's trivial movement pattern is important for 
initiating effective control programs. Management techniques applied to 
a particular crop might not produce desired results if uncontrolled 
populations are reinfesting from adjacent areas. Metcalf (1975) dis­
cussed the behavioral selectivity of an insecticide. With sufficient 
knowledge of Insect activity, insecticides may be placed selectively to 
kill pests but spare nontarget organisms. This may be cheaper than 
applying a broadcast treatment to an entire area. 
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A northern com rootworm, Dlabrotlca longlcornls barberl Smith 
and Lawrence, and the western com rootworm, Diabrotica virgifera 
virgifera LeConte, are economically important insects in the Midwest 
that should have all aspects of their biology thoroughly investigated. 
The intent of this project was to study the intrafield dispersal of com 
rootworm adults and determine the effect of various factors on beetle 
trivial movement rates. 
Literature Review 
Descriptive history 
The first description of a northern corn rootworm (NCR), 1." 
longicornis (Say), is usually attributed to Thomas Say (1824). However, 
his specimens were lost and the original description is not sufficient 
to distinguish it from the western corn rootworm (WCR), D. virgifera. 
He describes his species as "very similar to Crioceres vittata of Fab." 
The latter species is the striped cucumber beetle, Acalymma vittatum 
(Fabricius), which dorsally resembles the WCR. Say designated his 
species as Galleruca longicornis, but it was shifted to the genus 
Diabrotica by LeConte (1865). Smith and Lawrence (1967) suggested 
the original collection actually contained a mixture of NCR, WCR, and 
Acalymma blandulum (LeConte). They recommended maintaining the current 
species classification and designated a neotype obtained from the 
southern Colorado area where Say collected his specimens. They also 
described a new subspecies, D. barberl, which is the form encountered 
in Midwest cornfields. 
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The WCR was described from specimens collected in western Kansas 
(LeConte 1868). Male WCR were mistakenly placed in a separate species, 
D. flllcomis Horn (1893), but Gillette (1912) corrected the error. A 
new subspecies, D. v. zeae Krysan and Smith, was distinguished by Krysan 
et al. (1980), and its distribution was listed as Oklahoma, Texas, 
Mexico, and Central America. Although the biology and distribution of 
D. V. virgifera and D. barberl are similar, behavioral and physio­
logical mechanisms exist which prevent hybridization in the field 
(Krysan and Cuss 1978). 
Economic importance and control 
The three larval stages feed on the roots of various grasses in the 
family Gramineae (Branson and Ortman 1971), but com, Zea mays L., is 
the preferred host and the only cultivated crop sustaining economic 
damage. Riley (1880) associated com root damage with NCR larval 
feeding and suggested crop rotation as a means of control. The economic 
Importance of this species grew rapidly as the acreage of continuous 
com Increased. Webster (1894) estimated that 24 Indiana counties suf­
fered a $2,000,000 loss in 1885. The WCR was recognized to have a 
similar corn-damaging potential and life history by Gillette (1912). 
Crop rotation was the only effective technique to reduce rootworm 
populations until Hill et al. (1948) discovered that benzene hexachloride, 
applied as a soil treatment, greatly suppressed larval damage. Chlori­
nated hydrocarbons became widely used as larvicides, and the need for 
crop rotation was greatly diminished. Growers began switching to more 
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expensive organophosphate soil Insecticides when resistance to aldrln and 
heptachlor was discovered In Nebraska WCR populations (Ball and Weekman 
1962). The prophylactic use of soil Insecticides remains a common 
practice, and over 2,670,000 ha were treated In Iowa In 1979 (Becker and 
Stockdale 1980). The retail cost of the Insecticide used would amount to 
over $44,000,000. 
Despite the preventative use of Insecticides, substantial larval 
damage still occurs. Turpln et al. (1972) and Branson et al. (1980) 
developed regression equations relating root damage to yield. According 
to these equations, test plots treated with the best performing chemical 
from Iowa State University soil insecticide trials (1975 to 1980 results) 
sustained enough damage to have a 6% predicted yield loss. Extrapolating 
this percentage to the entire Iowa continuous corn acreage gives a loss 
of over $96,000,000 based on 1979 average com yields and prices (Iowa 
Crop and Livestock Reporting Service 1980). 
Several reasons may account for the lack of complete larval control. 
Growers usually apply soil insecticides in an 18-cm band over the row at 
planting time. However, eclosion may not start until a month later, and 
an additional 45 days may be required for complete hatch. Musick and 
Fairchlld (1971) noticed the eclosion rate varied in some years, possibly 
due to environmental factors. Matsumura (1975) listed several factors 
that could affect the available level of toxic chemical residue 
including: (1) absorption by soil particles, (2) leaching, (3) volatili­
zation, (4) microbial degradation, (5) chemical decomposition by soil 
conditions, (6) photodecompositlon, and (7) translocation through 
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biological systems. Ahmad et al. (1979) studied the degradation of 
three commonly used soil insecticides under field conditions and obtained 
half-lives ranging from 19 to 82 days. Mayo (1980) investigated the 
effect of planting date on soil insecticide efficacy. He suggested using 
a postemergence insecticide application in early-planted corn to avoid 
excessive degradation before egg hatch. 
Insecticide resistance in rootworm populations could account for 
some performance problems. Ball (1977) noticed an increase in the com 
rootworm values for many soil insecticides between the time they 
were first tested and 1976. Erratic performance, larval resistance, and 
high mammalian toxicity are some problems encountered with larvicides 
that have stimulated research to find alternative control measures. 
Hill et al. (1948) aerially dusted DDT (0.7-0.9 kg a.i./ha) on a 
field heavily infested with rootworm adults and noted "such treatments 
reduced rootworm populations so effectively that lodging was of little 
consequence during the immediate succeeding season." However, adult 
control research was not intensified until larval resistance and environ­
mental concerns halted the use of chlorinated hydrocarbon soil insecti­
cides. The use of an adulticide to prevent oviposition and subsequent 
larval damage was examined by Pruess et al. (1974). They attempted to 
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suppress the population in an entire 41 km area and found it was not 
economically feasible, but they suggested that adult control could be 
practiced on an individual field basis. Union Carbide Corporation has 
sponsored research on adult control with carbaryl, and it recommended the 
use of a weekly scouting program to time aerial applications (1978). 
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It suggested delaying spraying until the population reaches 1 beetle/ 
plant with 10% of the females gravid, so that one application has a 
greater chance of providing adequate coverage throughout the ovlposltlon 
period. Leva (1980) used root damage ratings to compare adult ovlposl­
tlon suppression with the use of a soil insecticide the following year 
and found larval control was significantly superior to adult control in 
8 of 16 fields. Also, adult control failed to reduce subsequent larval 
damage to subeconomlc levels In 29% of the test fields. However, the 
pre-spray population ranged from 2.8-4.4 beetles/plant in the failure 
areas. It was suggested that adult ovlposltlon control might not be ap­
propriate in fields exceeding 3 beetles/plant before the gravid condition 
was met. Presently, spraying an entire field with two or more applica­
tions would cost considerably more than using a larviclde. Placement of 
an adultlclde at selected spatial intervals, alone or with attractants, 
has not been studied, but additional Information on beetle movement 
rates would help determine the feasibility of this approach. 
Forbes (1882) was the first to suggest adults could hinder com 
pollination by feeding on corn silks. Insecticidal protection of the 
silks has not been difficult, and several insecticides, including DDT 
(Hill et al. 1948, Burkhardt 1954), carbaryl (Roselle 1967, Musick 
1971), and Malathion (Pruess et al. 1974), have proven effective. Leva 
(1980) determined 3 beetles/inbred ear and 5 beetles/hybrid ear could 
cause an economic reduction in kernel set depending on com prices, 
insecticides prices, the spatial distribution of an infestation, and 
the percentage pollinated. 
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Sampling 
Stern et al. (1959) defined economic threshold as "the density at 
which control measures should be determined to prevent an Increasing pest 
population from reaching the economic-Injury level." Theoretically, the 
Insect population Is sampled at frequent Intervals and actions are 
Initiated at a specified density where the estimated damage prevented 
Justifies control costs. However, monitoring the damaging stage of soil-
Inhabiting Insects may not be practical, complicating the use of economic 
thresholds. 
Chiang et al. (1969) derived corn rootworm larval population esti­
mates from the number Inhabiting selected corn root systems and approxi­
mately 5 1 of surrounding soil. Bergman (1980) analyzed the sampling 
precision of this technique and determined that 200 root samples, 
requiring 68 man-hours, were needed to be 95% confident that the esti­
mate was within 20% of the actual population level. Many samples were 
needed because the number of larvae associated with different com plants 
was extremely variable. Furthermore, soil Insecticides are typically and 
most conveniently applied at planting time, which Is before larvae are 
present In the field. Turpln (1974) estimated that "90% of all corn 
Insecticides are applied at planting time." 
Sampling the overwintering egg stage provides com rootworm popu­
lation Information enabling pest management decisions prior to planting. 
Gunderson (1964) suggested egg sampling should be standardized and pro­
posed a technique using a 10-cm diameter golf-hole cutter. Chiang et al. 
(1969), using a similar tool, analyzed the distribution pattern of eggs 
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around a corn plant and converted eggs/sample to eggs/ha. A 5.4-cm 
diameter bulb setter was the most efficient sampling tool In a comparison 
study conducted by Foster et al. (1979). However, It still required 
approximately 140 cores/field to obtain a standard error less than 20% 
of the population mean. A golf-hole cutter, a bulb setter, and a shovel 
were compared as egg sampling tools by Tollefson (1975). None of the 
devices provided egg density estimates that significantly correlated with 
subsequent larval damage. 
Monitoring the adult stage can also predict subsequent larval damage. 
Variations In oviposltlon rates, egg survival, larval survival, and 
larval feeding behavior will affect the correlation between adult counts 
and root damage the following years. However, this may be offset if 
sampling variation is lower, providing a better Initial estimate of popu­
lation size. Chiang and Flaskerd (1965) proposed counting beetles on 10 
plants, randomly selected within a field, as an adult sampling technique. 
Steffey (1979) determined the optimum allocation of resources for 
obtaining adult population estimates from plant counts. Two plants/site 
from 77 Intrafleld locations would be required to obtain a population 
estimate at the 20% precision level. The estimated sampling time was 2 
to 3 man-hours. Midday counts produced higher values than morning or 
evening plant counts, suggesting counts should be made during midday 
when adults are inactive and easily observed (Kaufmann 1966). 
Trapping devices have also been investigated for monitoring adult 
populations. Traps provide relative rather than absolute population 
estimates because they measure trap efficiency, insect activity, and 
10 
Insect susceptibility as well as Insect density (Southwood 1978). 
Kaufmann (1966) compared plant counts with catches on cylindrical, card­
board traps coated with a sticky material. Using values standardized 
for peak counts, sticky traps tended towards higher values early in the 
season and lower values after the population peaked. This was attributed 
to seasonal changes in beetle activity rates. Steffey (1979) estimated 
that 98 cylindrical traps, requiring 14 to 16 man-hours, would be neces­
sary to reduce sampling variation to the 20% precision level. Plant 
counts and cylindrical sticky trap catches were associated with root 
damage the following year by Tollefson (1975). Significant correlations 
at the 1% probability level were obtained for plant counts, but sticky 
traps failed to correlate significantly at the 5% level. However, Heln 
(1981) found plant counts, cylindrical sticky trap catches, and catches 
with a commercially available flat sticky trap was significantly (P < 1%) 
correlated with subsequent root damage. 
Several emergence traps have been developed to obtain information 
for research programs. Large walk-in cage traps (Branson and Ortman 
1967, Short and Hill 1972, Hill and Mayo 1974) cover a large surface area 
to minimize sampling variation. However, large size can limit their 
practicality in situations where many traps are needed or field access is 
restricted. Several designs for smaller traps servicing 1 to 2 plants 
have also been used. Muslck and Falrchild (1970), Tollefson (1975), and 
Fisher (1980) tested traps that could be positioned around an intact corn 
plant, but the need for this has not been demonstrated. Weekman and 
Lawson (1963) and Pruess et al. (1968) utilized designs requiring the com 
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plant to be truncated, and they did not notice any detrimental effects 
from this practice. Short (1970a) used concentric rings of screening and 
found that emergence values varied at different distances from the plant 
base, suggesting traps should conform exactly to crop row width if values 
are to be expressed on an emergence per area basis. All the traps dis­
cussed have fixed base widths, restricting their accuracy in situations 
involving comparisons of fields with different crop row spacings. 
Biology 
Forbes (1882) was the first to provide detailed information on NCR 
biology. He recognized it as a univoltine species, that overwinters in 
the egg stage. He provided a remarkably accurate account of the life 
cycle, and his work is the foundation on which much NCR and WCR research 
has been based. An understanding of adult biology is needed to interpret 
the significance of beetle movement rates accurately. Egg, larval, and 
pupal biology will not be discussed, but a review article by Chiang (1973) 
and bibliographies by Luckman et al. (1974) and Irwin (1977) are excellent 
sources for information concerning these subjects. 
Typically, corn rootworm adults begin emerging by early July in most 
Midwest states. Ruppel et al. (1978) noticed males emerged several days 
before females, and WCR emergence preceded the initial appearance of NCR 
adults. They also noted that most emergence was completed within a month 
after the first beetle had emerged. Musick et al. (1980) found beetle 
appearance was delayed in late-planted corn due to starvation or depressed 
development of early hatching larvae. Corn variety differences did not 
have an effect on emergence values (Musick 1969). 
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Ball (1957) observed that newly emerged WCR adults initially fed on 
corn leaves, but they moved to tassels and silks as these food sources 
became available. Both species feed on a wide variety of plants, but 
corn tissues are preferred (Cinereski and Chiang 1968, Ludwig and Hill 
1975). Hintz and George (1966) found that WCR adults commonly fed on 
corn leaves, silks, and tassels, while NCR adults fed mainly on silks 
when beetles were caged around corn plants. A feeding stimulant was 
extracted from corn kernels, pistillate branches, silks, leaves, roots, 
and squash blossoms by Derr et al. (1964) that enhanced food consumption 
in both species. Rhodes et al. (1980) discovered that WCR adults were 
stimulated to feed on the blossoms, leaves, and fruits of wild cucurbits 
containing high concentrations of cucurbitacins B, D, E, I, and F-
glycoside. Com varieties have been shown to differ for leaf (Sifuentes 
and Painter 1964) and silk (Reissig and Wilde 1971) feeding susceptibil­
ity, but it was not determined if this was due to attract&ats or 
arrestants because beetles were allowed to feed on the source material. 
The female WCR releases a pheromone soon after emerging that is 
highly attractive to males of both species (Ball and Chaudhury 1973, 
Guss 1976). Hill (1975) collected mating WCR pairs in the field; all 
the females were teneral, indicating they mate within 2 days after 
emergence. Over 50% of the mating pairs observed by Gates (1968) were 
on the lower 1/3 of the com plant or on the ground. Lew and Ball 
(1980) determined that a 3- to 4-h copulation time was needed for 
complete insemination of the WCR female. Branson et al. (1977) found 
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that the male WCR will mate repeatedly, while the female will usually 
mate only once. 
The mean preoviposltlon period of WCR females varies from 12 to 23 
days (Short and Hill 1972, Branson and Johnson 1973, Hill 1975). The 
female is capable of ovipositing throughout most of her life, and the 
rate of ovlposltlon changes with environmental conditions. WCR ovlposl­
tlon rate is much lower in the field (184 eggs by Kuhlman 1970, 108 eggs 
by Short and Hill 1972) than in the laboratory (1023 eggs by Branson and 
Johnson 1973, 1087 eggs by Hill 1975). The latter values represent the 
reproductive potential of the WCR. Suboptimal temperatures and the lack 
of suitable ovlposltlon sites may account for the depressed ovlposltlon 
rates obtained in the field. Mlhm and Chiang (1974) noted that the ovlposl­
tlon rate of both species was greatly reduced at temperatures below 15°C, 
and over 50% of WCR eggs may be laid in September when cool temperatures 
are common (Short 1970b). Kuhlman (1970) determined that WCR and NCR 
females require moist soil for ovlposltlon. Kirk (1979 and 1981) 
observed females entering drought cracks or soil cracks at the plant 
base to oviposit when the soil surface was dry, and earthworm burrows 
were used in moist soil. 
The field survival of adult com rootworms has not been adequately 
studied, but they do not appear to have any effective natural enemies. 
A tachinid fly, Celatoria dlabroticae (Shimer), was found parasitizing 
WCR and NCR adults, but the parasitization was low (Kuhlman 1970). The 
average lifespan of WCR females caged in the field was 65 days (Short 
and Hill 1972). Hill (1975) observed a mean laboratory survival of 78 
days for WCR females and 102 days for males. 
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Beetle movement patterns 
The earliest recorded observations on corn rootworm beetle movement 
were by Forbes (1882). He found that newly emerged adults remained in 
the cornfield to feed on corn pollen, silks, and kernels until these 
food sources dried out. They then dispersed to surrounding areas to 
feed on alternate host plants. Ball (1957) mentioned that a similar 
movement pattern was followed by WCR adults. Cinereski and Chiang 
(1968) determined that NCR females feeding outside cornfields return 
to lay eggs. Based on a sharp decline in sticky trap catches, Godfrey 
(1980) suggested the existence of a migratory flight. However, this 
should be confirmed by additional research because sticky traps measure 
activity and density changes simultaneously. Hill and Mayo (1980) 
found that WCR adults primarily migrated between cornfields, while NCR 
beetles dispersed to weedy oats and soybeans as well as com. 
The vertical flight pattern of com rootworm adults was examined 
by several researchers. Catches on sticky traps at several heights 
within the corn canopy indicated that most adult activity takes place 
near the ground (Kaufmann 1966). The percentage of NCR captured 
Increased with trap height. Nitkowski et al. (1975) found that the WCR 
female/male ratio increased with height, indicating that females are 
more vulnerable to wind displacement. VanWoerkom (1977) placed sticky 
traps at ear-level and at several heights above the com canopy. Traps 
at 7.6 m and at 3.1 m captured 1% and 11% of the ear-level catch, with 
the female proportion increasing with height. These percentages were 
reduced even further when the catches were corrected for increased wind 
velocities at greater heights. 
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Beetle movement rates 
Southwood (1978) presented two basic approaches for determining 
Insect field movement rates. One technique involves following the 
progress of released or wild insects as they spread into uninhabited 
areas. The other approach is to release marked insects, attempting to 
recapture them as they disperse from the origin. Neither method has 
produced results that could be used to estimate intrafield movement 
rates of NCR or WCR adults. 
The spread of the NCR across the Midwest was documented by Webster 
(1895). He suggested that the NCR became a pest in central Illinois around 
1865 because farmers switched from wheat to continuous corn as their 
main crop. The NCR spread east through Indiana and was established in 
western Ohio by 1895. Ball (1957) noted that the 1948 eastern front of 
the WCR in Nebraska was 113 km west of the Missouri River, but it was 
common along the river by 1954. The movement of the WCR into Michigan 
was closely observed by Ruppel (1975). It entered the state at the 
southwest corner and moved across at annual rates of 80 km north, 60 km 
northeast, and 40 km east. The direction of prevailing winds appeared 
to account for the different migratory rates. 
NCR and WCR adults are poor candidates for a mark-and-recapture 
study. They are not easily reared in the laboratory or collected in the 
field, relative to the large quantities needed to be released to obtain 
a suitable number of recaptures. Steffey (1979) marked and released 
50,000 adult rootworms in a 16-ha cornfield. Only 70 beetles were re­
captured at 241 sticky trap locations during a 10 day period following 
release, and 34 of the recaptures were collected very near release sites. 
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Factors affecting beetle activity 
The condition of the Insect, the habitat, and the weather interact 
to produce observed activity patterns. The relative effects of several 
factors on NCR and WCR adult activity have been determined, but absolute 
values for field movement rates under different environmental conditions 
have not been presented. 
VanWoerkom (1977) examined the effect of several weather factors on 
WCR beetle activity. A wind tunnel was used to determine air speed 
effects on WCR flight. Adults flew readily at wind speeds less than 0.5 
m/sec, but take-off frequencies declined with increasing wind until take­
off was completely Inhibited at 3.0 m/sec. Beetles seemed to have no 
control over their flight at air speeds exceeding 2.0 m/sec. Relative 
humidity and air temperature effects were studied by recording the 
activity of beetles placed In a 12-phototransl8tor actograph. Humidity 
had little impact, but temperature was an Important factor influencing 
activity. The maximum activity occurred at 25*C, while little movement 
was detected at 15*C or 40*C. Based on frequent observations of sticky 
trap catches at different temperatures, Wltkowski et al. (1975) deter­
mined that 25°C was optimum for WCR flight in the field. 
A WCR diurnal activity rhythm was detected in the laboratory by 
VanWoerkom (1977). Constant movement was noticed from 6 p.m. to 8 a.m. 
while daytime movement was negligible. Wltkowski et al. (1975) observed 
WCR flight peaks in the morning and evening, but reduced night activity 
may have been a temperature response. 
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The condition and availability of food sources also Influences 
rootworm beetle activity. As previously mentioned, corn tissues are the 
preferred food source. However, adults disperse as the corn dries out. 
Sticky trap catches by Tollefson (1975) indicated that fewer beetles are 
required to produce a damaging larval Infestation in late-planted fields 
than In early-planted. He suggested this was a sampling anomaly because 
beetles were less active in late corn and not captured as easily. 
Kairomones produced by host plants can modify adult movement patterns. 
Howe et al. (1976) noted the presence of attractant and arrestant chemi­
cals in certain wild cucurbits. Cucurbltacln E was an effective 
arrestant, but the attractant was not identified. Starved WCR adults 
found food sources quicker than well-fed beetles (Gates 1968). 
Sex and age are Important factors influencing adult activity. 
Males tend to fly lower in the corn canopy (Wltkowski et al. 1975), and 
they appear to be more active on a local scale (Ludwlg and Hill 1975). 
Hill and Mayo (1980) discovered that males usually stayed within cornfields 
and did not disperse readily to surrounding areas. Females fly higher, and 
they are more involved in long-range displacement (Godfrey 1980). 
Clnereskl and Chiang (1968) determined that NCR females with spent ovaries 
tended to remain in cornfields and did not spread to surrounding food 
sources like younger females. 
Behavior associated with reproduction affects movement rates ob­
served in the field. Gates (1968) found that WCR males were highly 
excited by the presence of filter paper previously placed in female cages. 
The existence of a female-produced WCR sex pheromone was later confirmed 
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by Ball and Chaudhury (1973). Approaching males may disturb females and 
cause them to move away, resulting in increased activity (Gates 1968). 
However, WCR adults tend to remain stationary while copulating (Lew and 
Ball 1979). Oviposition behavior also influences displacement rates 
because certain soil conditions are preferred by the female (Kirk et al. 
1968). 
The effect of population density on corn rootworm beetle activity 
is unclear. Pruess et al. (1974) noted that WCR activity seemed higher 
in fields with large beetle populations, but Steffey (1979) found a 
greater tendency for aggregation at high densities. Intraspecific 
competition in the form of aggression or resource depletion may stimu­
late movement, but this has not been proven for rootworm adults. Alter­
natively, an aggregation pheromone, if present, would tend to arrest 
movement with increasing effects at higher densities. Beetle aggregates 
could result if feeding behavior liberated food attractants, active 
singly or in combination with a pheromone. Mass attack semiochemicals 
have been demonstrated for many bark beetles (Renwick and Vite 1970), 
but they have not been associated with adult rootworms. Many questions 
still need answering regarding density influences on adult NCR and WCR 
movement. 
Objectives 
1. Develop field methods for studying the intrafield dispersal of com 
rootworm adults. 
2. Develop a mathematical model determining the average net daily 
horizontal displacement rate of a com rootworm adult. 
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3. Determine the effect of observed mean daily temperatures and mean 
beetle densities on beetle net displacement rates in the field. 
4. Study the relative effect of density on female WCR activity and the 
possibility of interactive temperature effects or the existence of 
an aggregation pheromone. 
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PART I. FIELD STUDY OF THE INTRAFIELD DISPERSAL 
OF NORTHERN AND WESTERN CORN ROOTWORM ADULTS 
Introduction 
Several basic events can account for changes In field populations 
of rootworm adults. These events are emergence from the soil, mortality. 
Immigration, emigration, and displacement due to local trivial movements. 
The relative Importance of the first four factors may change considerably 
as the beetles age. Emergence Is Important early, but It Is mostly 
completed within a month after the first beetle appears (Ruppel et al. 
1978). NCR and WCR adults have been Intensively studied, and no signifi­
cant early-season mortality factors have been detected. Currently, it Is 
assumed that most beetles survive until death results from old age or 
cold weather. Interfleld migration is closely associated with the condi­
tion of the food supply. Both species seem to prefer com tissues over 
other readily available Midwest food sources, but they will disperse to 
alternate hosts in surrounding areas as the com dries (Clnereskl and 
Chiang 1968, Ludwig and Hill 1975). Interfleld dispersal is probably 
not a significant factor while most com fields are favorable food 
environments. If early-season migration actually occurred, it would 
have a minimal net effect if immigration balanced emigration. 
The Influence of trivial movements on population change depends on 
the relative attractiveness of directional components, the population 
density of adjacent areas, the size of the areas under consideration, 
and the Inherent mobility of the organism. Requisites In most natural 
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environments occur in heterogeneous patches, and insect responses to 
patch-released stimuli produce an uneven pattern of movements (Hassell 
and Southwood 1978). However, many cornfields have a uniform resource 
arrangement, resulting in a weak directional component for trivial move­
ments. A single-variety corn crop with fresh silks would provide NCR 
and WCR adults with a uniform, favorable environment. All requisites 
could be procured by movement in any direction and the net effect would 
be a random displacement. 
Whether or not trivial movements produce an observable population 
change depends upon the density of beetle populations surrounding the 
area under consideration. If a large difference exists between adjacent 
areas, the net beetle flux is from the high to the low density area. 
Larger concentration gradients result in greater net effects on the 
population. 
The net population interchange between two areas in a fixed time 
decreases as the size of the areas Increases. Trivial movements 
represent controlled flight, and distance limitations are an important 
consideration. A beetle is less likely to leave a large area than a 
small one because of the greater average flight distance required. 
The rate of intrafield dispersal for WCR and NCR adults is largely 
determined by their natural mobility. However, environmental conditions 
may modify the extent to which their flight capabilities are expressed. 
Abiotic factors, such as mean daily temperature, and biotlc factors, 
such as population density, might significantly influence activity rates 
observed in the field. 
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Steffey (1979) used a mark-and-recapture technique to study intra-
field dispersal of WCR and NCR adults, but a low recapture level pre­
vented him from determining beetle movement rates. Current mark-and-
recapture methods may not be suitable for studying trivial movements of 
adult rootworms. Many beetles must be released to obtain an adequate 
number of recaptures, but NCR and WCR adults are not easily reared or 
collected in sufficiently large quantities. Also, it is difficult to 
completely assess the impact of handling and marking on the subsequent 
movement of the insect. 
This study was concerned with developing an alternative to mark-and-
recapture methods for determining the net displacement rate of adult NCR 
and WCR populations. The general approach was to maximize beetle density 
differences between adjacent areas within a cornfield so trivial movements 
would cause observable population changes. Presently, mortality and 
migration cannot be quantified, so the study focused on the first half 
of the beetles lifespan when their effects were assumed to be minimal. 
Emergence was monitored, and the remaining portion of the population 
change rate was attributed to Intrafleld dispersal. Because beetle 
activity varies with environmental conditions, the observed net displace­
ment rates were correlated with mean dally temperature and population 
density. 
Materials and Methods 
Field methods 
The intrafleld dispersal of adult WCR and NCR was examined by 
aerially applying Sevin* 4 Oil to the perimeter of 12.6-ha areas within 
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five cornfields, leaving the central 6.4-ha portion of each area untreated. 
This established a large beetle concentration gradient between the treated 
and untreated areas, exaggerating the net effect of trivial movements on 
the population. All study fields were located in Boone Co., Iowa, and 
each field contained a single corn variety. The study was conducted in 
the most uniform portion of each field. Two chemical applications were 
used to maintain the effectiveness of the toxic zone. Four fields were 
studied in 1979 with insecticide application occurring on August 6 and 
August 15. A single field was treated on July 31 and August 7, 1980. 
The central untreated portion of each area was divided into sixteen, 
0.4-ha quadrats (Fig. 1). This resulted in three types of quadrats based 
on their proximity to the spray zone. Although all quadrats could lose 
beetles in all directions, corner quadrats could gain from only two 
sides and edge quadrats could gain from three sides. The center quadrats 
could gain from all directions. 
Changes in population density were monitored by counting beetles on 
36 randomly selected plants in each quadrat on successive sampling dates. 
Four samplers took a 3-plant count at three sites in each quadrat. This 
resulted in 576 counts per field on each date. Beetles on weeds or the 
ground at the plant base were also included in each count. A combined 
NCR and WCR count was taken in 1979, but the total for each species was 
recorded separately in 1980. Each 1979 field was sampled at 4-5 day inter­
vals while the 1980 field was sampled at 1-3 day intervals. All counts 
were taken between 9:00 a.m. and 5:00 p.m. to avoid sampling during 
periods of peak beetle activity as determined by Nitkowski et al. (1975) 
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SPRAYED 
EDOE 
S PRAYED 
Figure 1. Plot design for studying the intrafield, trivial movements of 
adult corn rootworms. Arrows indicate directions from which 
a quadrat can gain beetles 
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and VanWoerkom et al. (1980). Time differences within a day were 
minimized by sampling each field at the same time on each date. 
Two 1979 fields had 96.6 cm row spaclngs and two had 76.2 cm spaclngs. 
Because emergence around corn plants Is not uniform (Short 1970a), It was 
necessary to design a row-adjustable emergence trap that could be set for 
different row widths. Each trap (Fig. 2) consisted of two overlapping 
wood frames that could be double-bolted to accommodate row widths of 
76.2, 81.3, 86.4, 91.5, 96.6, and 101.7 cm. The outer frame was 43.2 cm 
wide with seven bolt holes spaced at 5.1 cm Intervals along the sides, 
while the inner frame was 39.4 cm wide with two holes on each side. 
Fiberglass screening, with an 18 x 16 mesh size, was secured to the frame 
with wood stripping. The net was left unattached at the area of frame 
overlap until row-width information was obtained. 
Each trap was placed by the following procedure. A corn plant was 
truncated 60 cm above the ground. A 0.47-1 ice cream carton was posi­
tioned so the stalk passed through cross-slits in the carton bottom and 
protruded 2.5 cm beyond the top edge. A nail was inserted through the 
stalk, immediately below the container, to prevent slippage. The 
emergence trap was positioned across the row so the net was supported by 
the protruding stalk with the highest point immediately over the collec­
tion cup. The bottom and lower sides of the cup interior were treated 
with Tack Trap® to retain falling beetles. The trap could be placed over 
two plants at most standard plant spaclngs, and if a second plant was 
present within the emergence area, it was severed at the ground. 
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Three emergence traps were placed In each of 4 center quadrats, 4 
corner quadrats, and 4 edge quadrats in every 1979 field, resulting in 
36 traps per field. Edge quadrats were picked for emergence monitoring 
by randomly choosing between a pair of quadrats on one side and then 
selecting alternate edge quadrats in a clockwise fashion. In 1980, all 
16 quadrats had five emergence traps contributing to a field total of 
80 traps. Emergence traps were checked every day beetle counts were made. 
Collection cups were replaced when they began showing signs of excessive 
weathering. Net holes made by rodents, crickets, or grasshoppers were 
patched with duct tape. 
To facilitate comparisons with beetle counts, stand counts were 
taken to enable emergence data to be expressed as emergence per plant. 
In 1979, stands were counted in six, 0.0004-ha subplots in each quadrat, 
while counts were taken from twenty, 0.0004-ha subplots in 1980 quadrats. 
The mean daily temperatures for the 1979 sampling period were 
obtained by averaging maximum and minimum values from a National Oceanic 
and Atmospheric Administration weather reporting station located 8 km 
from the study fields. A hygrothermograph in the test field provided 
maximum and minimum temperatures in 1980. 
Several additional factors were periodically examined in each study 
field. The spray zone on each side was inspected for signs of insecticide 
degradation and live rootworm beetles. The spray pattern was easily 
detected as white spots on the corn surface, and chemical drift into the 
untreated area was never noticed to be more than a few meters. Com 
development in each field was assigned a rating from Hanway's (1971) plant 
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staging system, and sampling was discontinued before the com had fully 
dented and before live beetles were noticeable In the spray zone. Per­
iodic beetle collections provided information on species composition. 
Data analysis 
The beetle count data for each year were evaluated with the analysis 
of variance to determine If significant differences existed between 
quadrat types on each sampling date. If spread into the sprayed area was 
an important factor causing population changes, the system would behave 
predictably with the populations of comer and edge quadrats declining at 
a faster rate than center quadrats. If other factors, such as natural 
mortality, were responsible for population changes, the beetle count of 
a quadrat would be independent of its location relative to the sprayed 
zone. 
Pick (1855) developed a model expressing the change in the amount 
of a diffusing substance as a function of the concentration gradient 
along the diffusion path and the natural diffusive properties of the 
material. Rootworm beetles 'diffusing' between adjacent areas with dif­
ferent population densities represented an analogous situation, and 
Pick's Law was modified to obtain net displacement rates due to trivial 
movements. The derivation of Equation 1 is presented in the Appendix. 
m*t(N - N ) 
*t - "o ;—-
- concentration of Insects after time t 
- concentration of insects in original population 
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Ng " concentration of Insects In surrounding population 
m* • simple population displacement rate during time t 
p • average distance from center to perimeter of population habitat 
Equation 1 has net displacement as a simple rate, compounded once at 
the end of time t. However, beetles move frequently in a specified time 
Interval and net displacement is expressed more appropriately as an 
Instantaneous rate: 
N 
-~(1-
N - N e P o (2) 
t o 
m = Instantaneous population displacement rate during time t 
e - base of Napierian logarithms 
The exponent In Equation 2 contains terms relating to the population 
concentration gradient (1-N^/N^), the size of the areas under considera­
tion (p), and the population spread rate of adult rootworms (m). Stimuli 
eliciting movement responses are considered to be randomly arranged. 
The population concentration gradient determines if trivial move­
ments will cause the population under consideration to increase or 
decrease. Considering the entire unsprayed area, the surrounding sprayed 
zone had a negligible population, and the gradient term in Equation 2 was 
assumed to have a value of one. The surrounding population for an 
individual quadrat was considered to be the average of quadrats adjacent 
to its sides. 
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The value of p depends on the size and shape of an area. The 
lengths of p for square 6.4- and 0.4-ha areas are 146.1 and 36.5 m 
respectively. 
The variable of primary consideration in this study was m, or the 
average net distance a beetle is displaced from its starting point during 
a specified time interval. This term is analogous to a diffusion con­
stant and it reflects the activity range of the adult rootworm beetle. 
Clark et al. (1967) presented an equation for population change that 
Included birth, death, and migration factors: 
Nt - NQe(b"d)t _ (3) 
b = instantaneous birth rate during time t 
d = instantaneous death rate during time t 
« concentration of Insects emigrating during time t 
» concentration of insects immigrating during time t 
Emergence is the "birth" of an adult, and r, the instantaneous 
emergence rate during time t, was determined from emergence trap catches. 
ln(N + R^) - In N 
5 £ o (4) 
= number of insects emerging during time t 
Substituting emergence rate for birth rate. Equation 2 and Equation 3 
can be combined to produce the following model for adult com rootworm 
population dynamics: 
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N. N e 
o 
E"f 
- Et + (5) 
This study was restricted to the first part of the beetles lifespan, 
so d and were assumed to be zero. Logarithms were used to solve 
Equation 4 for m. Values for the other variables were obtained from the 
sampling program. 
m 
In N - In 
o t . 
t 
V 1 P 
N 
I oJ 
(6) 
All population values were calculated as beetles per plant. 
The effect of mean beetle density and mean dally temperature 
adult com rootworm activity was determined by regressing these factors 
against mean dally displacement. The significance of each effect and 
the goodness of fit for the model were also calculated. 
Results and Discussion 
In 1979, fields were selected early on the basis of preliminary 
larval samples to allow enough time to mark plots and place emergence 
traps before chemical application. However, the resulting adult popula­
tions were lower than anticipated (Table 1). Fields 3 and 4 had very 
low counts, and their relative variation was higher than desired. 
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Table 1. Mean density and relative variation of adult com rootworm 
population parameters for 1979 study fields 
Sample Beetles/plant SE/x • 100 
period 
Initial Emerged Final Initial Emerged Final 
Field 1 
8/6-8/10 1.23 1.76 0.99 7 20 9 
8/10-8/14 0.99 0.21 0.89 9 29 13 
8/14-8/18 0.89 0.68 0.81 13 19 6 
8/18-8/23 0.81 0.57 0.85 
Field 
6 
2 
23 8 
8/7-8/11 1.51 2.88 2.23 6 13 5 
8/11-8/15 2.23 0.46 2.38 5 20 6 
8/15-8/19 2.38 0.87 1.94 6 24 8 
8/19-8/24 1.94 0.82 1.91 
Field 
8 
3 
30 7 
8/6-8/10 0.25 0.74 0.28 16 26 18 
8/10-8/14 0.28 0.18 0.35 18 28 17 
8/14-8/18 0.35 0.09 0.40 17 44 10 
8/18-8/23 0.40 0.09 0.55 
Field 
10 
4 
44 15 
8/7-8/11 0.16 0.12 0.19 13 25 11 
8/11-8/15 0.19 0.03 0.27 11 100 15 
8/15-8/19 0.27 0.12 0.27 15 33 11 
8/19-8/24 0.27 0.08 0.27 11 38 19 
Southwood (1978) suggested 10% as an acceptable relative variation level 
for an intensive sampling program. Counts were not separated by species 
in 1979, but beetle collections indicated WCR adults composed over 80% 
of the population in all fields. 
Sampling began early in the adult emergence cycle in 1979 and 
emergence values were generally high relative to beetle counts. The 
initial beetle count plus emergence was greater than the final count in 
all but two sample periods. Movement and subsequent loss of beetles 
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into the spray zone probably caused the final counts to be lower than 
the initial counts plus emergence. Bergman (1980) discovered that root-
worm larvae have a highly aggregated spatial distribution, and this 
probably accounts for the large variation in the emergence data. 
A field was not selected in 1980 until a location was found that had 
a high adult population already established (Table 2). The population 
declined very rapidly following the establishment of the spray zone. A 
decrease of 1.85 beetles per plant was observed from July 30 to August 6 
despite having 2.65 beetles emerge per plant. Increasing the number of 
emergence traps from 3 to 5 per quadrat reduced the sampling error by a 
small amount, but the relative variation still exceeded 10%. As in 1979, 
the experimental population consisted primarily of WCR adults (Table 3). 
The low density and high relative variation of NCR counts made data 
interpretation difficult for that species (Table 4). The observed NCR 
population change during 6 of 11 sampling periods did not exceed one 
standard error of the initial or final density estimate. 
The emergence traps appeared to be very effective, and the design is 
worth considering for future studies. Two problems were encountered but 
solutions may be available. Fiberglass screening was very susceptible 
to chewing damage by crickets and grasshoppers, and another net material 
should be considered. Wet weather hastened the deterioration of the 
collection cup and Its contents. Canvas sewed into the net apex would 
shield the cup from rainfall and reinforce the net at the point where 
most Insect damage occurred. 
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Table 2. Mean density and relative variation of adult com rootworm 
population parameters for 1980 study field 
Sample Beetles/plant SE/x • 100 
period 
Initial Emerged Final Initial Emerged Final 
7/30-7/31 3.74 0.46 2.69 4 22 5 
7/31-8/1 2.69 0.58 2.53 5 26 4 
8/1-8/2 2.53 0.47 2.18 4 19 6 
8/2-8/5 2.18 0.97 1.72 6 12 7 
8/5-8/6 1.72 0.17 1.89 7 24 7 
8/6-8/8 1.89 0.38 1.48 7 18 9 
8/8-8/11 1.48 0.23 1.18 9 22 12 
8/11-8/12 1.18 0.07 1.19 12 43 11 
8/12-8/13 1.19 0.08 1.24 11 38 7 
8/13-8/15 1.24 0 1.07 7 - 8 
8/15-8/18 1.07 0 1.07 8 - 10 
Trivial movement Into the sprayed area was an Important factor 
Influencing adult corn rootworm populations as evidenced by the general 
pattern of changes within different types of quadrats (Fig. 3). The 
average population of 1979 fields did not show much of a decline because 
of the high relative importance of emergence. However, center quadrats 
had the highest beetle counts on all but the first date, and location 
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Table 3. Mean density and relative variation of western com rootworm 
population parameters for 1980 study field 
Sample Beetles/plant SE/x • 100 
period 
Initial Emerged Final Initial Emerged Final 
7/30-7/31 3.47 0.43 2.42 5 26 5 
7/31-8/1 2.42 0.50 2.28 5 26 5 
8/1-8/2 2.28 0.40 1.98 5 23 6 
8/2-8/5 1.98 0.78 1.57 6 14 8 
8/5-8/6 1.57 0.16 1.67 8 25 8 
8/6-8/8 1.67 0.34 1.31 8 21 8 
8/8-8/11 1.31 0.18 1.08 8 28 12 
8/11-8/12 1.08 0.06 1.06 12 33 10 
8/12-8/13 1.06 0.06 1.12 10 33 7 
8/13-8/15 1.12 0 0.93 7 - 9 
8/15-8/18 0.93 0 0.94 9 - 11 
differences were significant at the 5% probability level on three of the 
last four dates. Field differences were significant on all dates, while 
the field by quadrat location interaction was never significant. 
The pattern of population decline was especially striking for the 
1980 field. The initial density for each type of quadrat was in reverse 
order of the expected finish. After only 3 days, the predicted trend 
had developed, with center quadrats having the most beetles and comer 
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Table 4. Mean density and relative variation of northern com rootworm 
population parameters for 1980 study field 
Sample Beetles/plant SE/x • 100 
period 
Initial Emerged Final Initial Emerged Final 
7/30-7/31 0.28 0.02 0.27 7 50 11 
7/31-8/1 0.27 0.08 0.25 11 50 12 
8/1-8/2 0.25 0.06 0.20 12 50 15 
8/2-8/5 0.20 0.19 0.15 15 26 20 
8/5-8/6 0.15 0.02 0.22 20 50 14 
8/6-8/8 0.22 0.04 0.18 14 75 17 
8/8-8/11 0.18 0.05 0.11 17 60 18 
8/11-8/12 0.11 0.02 0.13 18 50 15 
8/12-8/13 0.13 0.02 0.12 15 50 25 
8/13-8/15 0.12 0 0.14 25 - 21 
8/15-8/18 0.14 0 0.13 21 - 23 
quadrats the least. By 9 days following treatment, the differences became 
significant and remained so until the end of the experiment. 
Average 1979 daily net displacement rates of adult com rootworms 
are presented in Table 5. Equation 6 was used to calculate these values 
for the entire unsprayed portion of each field. The surrounding popula­
tion was assumed to be zero because of the spray zone. The average net 
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Figure 3. The effect of quadrat location (4x4 arrangement of 0.4-ha 
quadrats) on adult com rootworm populations surrounded by an 
Insecticide zone. Dates with solid symbols have a significant 
location effect at the 5% probability level 
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Table 5. Net displacement of adult corn rootworms and temperature data, 
1979 
Sample Displacement Temperature ÇC) 
period (m/day) 
Mean daily* Period max Period min 
Field 1 
8/6-8/10 40.1 26.9 34.4 17.8 
8/10-8/14 11.2 18.6 32.8 9.4 
8/14-8/18 23.9 17.1 23.9 9.4 
8/18-8/23 14.7 23.3 31.7 15.0 
Field 2 
8/7-8/11 23.7 25.3 34.4 10.0 
8/11-8/15 5.2 17.2 25.0 9.4 
8/15-8/19 19.0 19.4 31.7 10.0 
8/19-8/24 12.3 21.8 31.1 8.9 
Field 3 
8/6-8/10 39.7 26.9 34.4 17.8 
8/10-8/14 10.4 18.6 32.8 9.4 
8/14-8/18 2.4 17.1 23.9 9.4 
8/18-8/23 -3.5 23.3 31.7 15.0 
Field 4 
8/7-8/11 14.2 25.3 34.4 10.0 
8/11-8/15 -7.0 17.2 25.0 9.4 
8/15-8/19 14.6 19.4 31.7 10.0 
8/19-8/24 7.3 21.8 31.1 8.9 
^ean daily temperature = period average dally max + daily min 
displacement for all fields and periods combined was 14.3 m/day. The 
results are reasonable for an active Insect with all of Its requisites 
readily available. 
Negative rates resulted when the population increased in excess of 
emergence effects. This implies beetles moved into the unsprayed area 
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from outside the field, but these values are probably due to the large 
relative variation associated with the low populations in fields 3 and 4. 
Net displacement rates observed in 1980 were similar to 1979 results 
(Table 6). As expected, rates based on combined counts closely corre­
sponded to values for the predominant WCR. Although net displacement 
rates are presented for the NCR, these estimates were based on question­
able data. The average displacement in 1980 was 22.6 m/day. 
Table 6. Net displacement of adult corn rootworms and temperature data, 
1980 
Sample Displacement (m/day) Temperature (*C) 
period 
WCR NCR Combined Mean daily^ Period max Period min 
7/30-8/31 69.3 10.4 64.3 25.6 34.4 16.7 
7/31-8/1 35.6 45.0 36.9 23.9 31.1 16.7 
8/1-8/2 44.3 64.0 46.1 26.4 32.8 20.0 
8/2-8/5 27.7 46.6 29.6 20.6 29.4 11.7 
8/5-8/6 4.4 -37.7 0 25.0 30.6 19.4 
8/6-8/8 31.3 26.9 30.8 28.1 35.6 21.1 
8/8-8/11 15.7 36.0 18,0 24.9 34.4 18.3 
8/11-8/12 9.3 0 8.3 20.0 27.8 12.2 
8/12-8/13 0 32.6 3.5 22.2 26.7 17.8 
8/13-8/15 13.6 -11.3 10.8 21.0 29.4 13.3 
8/15-8/18 -0.5 3.6 0 18.9 26.7 12.8 
^ean daily temperature • period average of ^ dally min^ 
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The weather conditions varied greatly In both years, as Indicated 
by the wide range of temperatures In Table 5 and Table 6. Measurable 
rain was encountered on several occasions, but no severe storms occurred 
that caused noticeable damage to any of the study fields. Thus, natural 
mortality due to catastrophic abiotic factors was assumed to be minimal. 
Several trends could be discerned by combining the data for both 
years. The highest net displacement rates seemed to occur during the 
warmest periods. Also, higher movement values corresponded with larger 
beetle densities. Finally, net displacement, mean dally temperature, 
and mean beetle density generally declined as the experiment progressed. 
The following regression equation was developed which expresses the 
interrelationship of these factors: 
Average Displacement (m/day) * 1.6 Average Daily Temperature (®C) 
+5.8 Rootworm Beetles/Plant 
-1.3 Days Since Spraying - 10.7 
The model accounted for 65% of the variation observed in the net displace­
ment rate. The slope term for each factor was significantly different 
from zero at the 5% level, regardless of the order variables were added 
to the model. 
Although an equation with a "Days Since Spraying" term is of little 
predictive value, it verified that temperature and density effects were 
not significant Just because of their covarlance with time. Many factors 
could be responsible for the decline in the net displacement rate with 
time. Changes in the population age structure, sex ratio, female 
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reproductive condition, food supply, and toxicity of the spray zone could 
have affected the results obtained. 
A predictive model was calculated that included only density and 
temperature terms (Fig. 4). An Increase in the net displacement rate 
with increasing mean dally temperatures is consistent with previous work 
by VanWoerkom (1977) and Witkowskl et al. (1975). A hygrothermograph 
provided hourly temperature data in 1980, but mean dally temperatures 
calculated from these values did not improve the correlation of tempera­
ture with net displacement. Restricting the analysis to temperatures 
from 5 p.m. to 8 a.m., when adult rootworm beetles are most active 
(VanWoerkom 1977), did not improve the results either. 
The density-displacement relationship observed in this study agrees 
with the field observations of Pruess et al. (1974), but the underlying 
basis for Increased activity rates at higher densities cannot be 
explained from these data. Steffey (1979) discovered that com rootworm 
adults tend to have aggregated spatial distribution patterns, suggesting 
intraspeciflc aggression is minimal. However, conspeclfic contacts may 
stimulate activity without aggressive behavior. The depletion of food 
resources did not appear to be a factor in any of the study fields. 
A beetle concentration gradient is essential if trivial movements 
are to cause observable population changes. This is emphasized by 
examining net displacement rates calculated for individual quadrats. The 
surrounding population for a quadrat was assumed to be the average of its 
bordering quadrats. Center, edge, and corner quadrats had 4, 3, and 2 
bordering quadrats, respectively. The surrounding population density was 
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Y = 2.3 TEMP + 8.3 DENSITY- 43.6 
= 0.50 
PROBABILITY SLOPE = 0 
TEMPERATURE -  0.4% 
DENSITY -1.1% 
Figure 4. The effect of mean daily temperature and adult com rootworm 
density on n.:t beetle displacement rates 
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very close to the central population density on many occasions, especially 
when considering center quadrats. When the surrounding and original popu­
lations in Equation 6 are very close, the denominator becomes a very small 
number, and slight changes in the population can result in extremely 
large displacement values. In fact, the equation does not have a solution 
if the populations are equal. If a concentration gradient does not exist, 
it is Incorrect to assume that sampling errors, mortality, and migration 
have an insignificant impact on estimated population change relative to 
trivial movements. When all quadrats with emergence estimates were 
included in the analysis, an extremely wide range of net displacement 
rates were obtained (Table 7 and Table 8). However, when quadrats with 
concentration gradients less than one standard error of the population 
density estimate were excluded, the range was greatly reduced, and the 
mean values were more comparable with whole-field estimates. Net dis­
placement rates from entire 6.4 ha unsprayed areas are undoubtedly more 
accurate than single quadrat estimates, because they are based on more 
samples and higher concentration gradients. 
Conclusions 
The WCR was the predominant species in all fields and the results 
obtained were primarily indicative of its activity patterns. The 1979 
net displacement rates of adult corn rootworms ranged from small negative 
values to 40 m/day. The range of 1980 values was 0 to 64 m/day. The 
mean net daily displacement for the entire study was 17 m/day, but the 
rate varied widely under different conditions. 
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Table 7. Mean and range of net displacement rates from all sampled 
quadrats and quadrats where the beetle concentration gradient 
(CG)^ exceeded one standard error of the population density 
estimate, 1979 fields 
Sample 
period 
All quadrats (m/day) CG > 1 SE (m/day) 
Mean Range Mean Range 
Field 1 
8/6-8/10 12 191 2,209 5 35 43 
8/10-8/14 12 —6 220 5 0 14 
8/14-8/18 12 73 393 5 16 13 
8/18-8/23 12 30 291 6 8 21 
Field 2 
8/7-8/11 12 17 103 10 23 47 
8/11-8/15 12 5 27 9 7 24 
8/15-8/19 12 24 91 7 17 31 
8/19-8/24 12 20 130 6 9 22 
Field 3 
8/6-8/10 8 40 245 3 14 15 
8/10-8/14 12 7 233 6 3 46 
8/14-8/18 12 36 498 4 12 36 
8/18-8/23 12 5 99 5 -4 22 
Field 4 
8/7-8/11 12 -4 110 5 1 47 
8/11-8/15 12 16 406 6 -3 27 
8/15-8/19 12 -37 713 2 7 3 
8/19-8/24 12 -5 90 4 -9 26 
^CG = central quadrat adult corn rootworm population - average of 
surrounding quadrats; averaged for Initial and final sample of each period. 
N ' number of quadrats. 
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Table 8. Mean and range of net displacement rates from all sampled 
quadrats and quadrats where the beetle concentration gradient 
(CG)* exceeded one standard error of the population density 
estimate, 1980 field 
Sample All quadrats (m/day) CG > 1 SE (m/day) 
period jjb Mean Range Mean Range 
7/30-7/31 16 138 1582 10 62 101 
7/31-8/1 16 29 515 9 26 143 
8/1-8/2 16 -3 1389 9 31 63 
8/2-8/5 16 47 209 8 25 45 
8/3-8/6 16 4 1681 8 11 44 
8/6-8/8 16 42 205 7 24 69 
8/8-8/11 16 27 77 7 19 40 
8/11-8/12 16 -42 708 5 3 55 
8/12-8/13 16 61 637 8 1 201 
8/13-8/15 15 16 82 5 8 51 
8/15-8/18 16 -55 876 5 -5 36 
^CG " central quadrat adult com rootworm population - average of 
surrounding quadrats; averaged for Initial and final sample of each 
period. 
= number of quadrats. 
Two factors Influencing the Intrafleld dispersal of adult corn 
rootworms were mean dally temperature and beetle density. A regression 
model containing density, temperature, and time parameters accounted for 
65% of the variation In the net displacement rate. A model with only 
density and temperature terms accounted for 50% of the net displacement 
variation. Greater movement rates were observed at larger densities and 
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higher temperatures. Each term had a significant effect when added last 
to the model, as Indicated by the low probability of a zero slope. The 
temperature effect was more significant than the density effect. 
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PART II. THE EFFECT OF DENSITY ON THE LABORATORY ACTIVITY 
OF FEMALE WESTERN CORN ROOTWORM ADULTS 
Introduction 
In Part I, adult corn rootworms were found to have greater net dis­
placement rates at higher beetle densities, but the cause for the differ­
ent rates was not apparent. Food resources appeared to be readily 
available, so It would seem the higher activity levels resulted from 
direct Intraspeclfic Interactions. 
Female WCR release a sex pheromone that Is highly attractive to 
males (Ball and Chaudhury 1973). Beroza (1972) discussed how attractants, 
when present In large quantities, may confuse and interfere with males 
searching for mates. Large female rootworm populations may release 
enough pheromone to hinder males searching for Individual emitters. 
This could Increase male search time and the time spent by mated females 
in rejecting confused males. Male WCR attempt to mate repeatedly, but 
females mate only once under most conditions (Branson et al. 1977). 
There have been no reports of females influencing each others 
behavior by direct contact or by chemical signals. Howe et al. (1976) 
discovered that adult rootworm beetles rapidly aggregated on plants con­
taining high concentrations of cucurbltaclns. They suggested that an 
aggregation pheromone was released by the first beetles finding high 
cucurbltacin tissues, resulting in a mass attack. Similar chemical com­
munication systems occur in many species of bark beetles (Renwick and 
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Vite 1970), but their existence remains to be proven for adult corn 
rootworms. 
The purpose of this research was to examine the relationship between 
adult WCR density and activity in the absence of males. This would 
eliminate any responses induced by a sex pheromone. The study compared 
female activity levels at several laboratory densities and investigated 
intrinsic aggregating mechanisms. VanWoerkom et al. (1980) found that 
temperature had a significant influence on the laboratory activity of 
WCR females, so the interactive effects of temperature and density were 
also examined. 
Methods and Materials 
Test subjects were field collected from a trap crop consisting of 
late-planted com and several species of cucurbits. Very few NCR were 
collected, and this species was not considered. Beetles were sorted by 
sex in a walk-in cooler at 4*C, and males were discarded. Female WCR 
were held in cages and provided with fresh corn silks. Beetles for each 
experiment were collected from the top of the cages to insure that 
healthy specimens were used. Subjects were returned to the holding 
cages at the end of each trial, and a new set of beetles was collected 
for the next test. 
Many devices have been designed to monitor the laboratory activity 
of insects. Actographs using phototransistors (VanWoerkom et al. 1980), 
radar (Buchan and Sattelle 1979), ultrasonic waves (Luff et al. 1979), 
and electrical capacitance discharge (Chabora and Shukis 1979) have 
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sophisticated designs and are sensitive to very slight movements. However, 
the complexity and expense of such devices usually prohibits the use of 
multiple units, and experiments have to be replicated over time. This may 
not be desirable unless it is determined that long-term holding of field-
collected Insects has no effect on their responsiveness. 
Mikasa and Narise (1979) used a simple activity chamber to investigate 
the dispersal of Drosophlla melanogaster Melgen. This design was modified 
into dispersal-selection chambers that were inexpensive to mass produce. 
The chambers consisted of a central 40-dram plastic container connected by 
8.0 mm diameter (ID) Tygod* tubing to three other units (Fig. 5). For 
selection experiments, source material was placed in zipper cases (33.3 
diameter (ID) x 25.4 mm high) with nine 1.6 mm diameter holes drilled in 
the lids. The walk-in cooler was used for introducing beetles to test 
chambers, allowing a synchronous start of all replicates. 
Density experiments 
To study the relative effect of density on activity, 10, 20, and 40 
WCR females were placed in the center compartment of the dispersal chambers. 
Eight chambers containing each density were placed in each of two environ­
mental units. In one unit the temperature ranged between 28*C and 34*C, 
while in the other unit it fluctuated between 20"C and 26*C. Four trials 
were conducted allowing the beetles to disperse for 3, 5, 6, and 6 h. 
The percent dispersal from the center compartment was determined for each 
density and compared with analysis of variance techniques. VanWoerkom 
et al. (1980) discovered that WCR beetles were most active between 6 p.m. 
and 8 a.m., so all trials were conducted during this time Interval. 
50 
ffl 
ffi 
* 
% 
Figure 5. Dispersal-selection chamber for studying adult corn rooCworm 
activity 
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Selection experiments 
A series of selection experiments was conducted to determine if WCR 
females would significantly influence each others behavior. Test stimuli 
confined within zipper cases were randomly assigned to peripheral compart­
ments in selection chambers. Thirty well-fed females were allowed 20 h 
to disperse from the center compartment. The number of beetles in each 
peripheral compartment was recorded and compared using analysis of 
variance techniques. 
Experiment A was designed to determine if WCR females preferred a 
zipper case containing 10 other females or two empty cases. Clear zipper 
cases allowed visual communication between dispersing and confined females. 
Contact between free and confined beetles was restricted, but they could 
place their heads through the holes in the zipper case lid. Thus, 
olfactory, visual, and tactile stimuli could have Influenced the behavior 
of dispersing beetles. 
An aggregation perhomone may require an accompanying food attractant 
to be effective, so 10 beetles were confined with 0.5 g of fresh com 
silks in experiment B. The zipper cases in the other two peripheral 
compartments contained only silks. Dispersing beetles could not contact 
the confined silks in any experiment. This test also determined if 
feeding and defecation conditioned the corn silks in an attractive manner. 
Experiments C and D were conducted to verify that the selection 
chambers could identify significant responses. In both tests, 0.5 g of 
fresh silks was compared with two empty cases. However, in experiment D 
all zipper cases were lined with black construction paper so the dispersing 
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females could not see the contents. These experiments were the last 
tests conducted and would be the most affected if beetle responsiveness 
had declined due to the holding conditions. 
Results and Discussion 
Density experiments 
The combined analysis for all dispersal chamber trials is presented 
in Table 9. The percentage of WCR females dispersing from the center 
compartment varied significantly from trial to trial, probably due to the 
different dispersal times allowed. The overall effect of density was not 
a significant factor when all trials were combined, but the temperature 
effect was very important. Significantly more movement was observed at 
the 28*C to 34°C temperature range. VanWoerkom et al. (1980) found the 
optimum temperature for WCR female activity was 25*C, but much lower rates 
were recorded at 20*C than at 35°C. 
Table 9. Analysis of variance for density and temperature effects on the 
laboratory activity of western corn rootworm females 
Source d.f. Probability > F 
Trial 3 0.0001 
Density 2 0.6901 
Temperature 1 0.0012 
Density * temperature 2 0.3691 
Temperature * trial 3 0.5633 
Density * trial 6 0.0057 
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Although higher temperatures should Increase Intraspeclflc contacts, 
the denslty*temperature Interaction did not appear to be an Important 
factor. Also, the temperature*trlal Interaction was not significant. 
Indicating that the temperature effect was consistent throughout the 
experiment. However, the denslty*trial interaction was significant. 
When the density effect was analyzed by trial, significant differ­
ences occurred in trial 3, with the greater dispersal rates at the higher 
densities (Table 10). The inconsistency of the density results may have 
been due to the different dispersal times for each trial. Placing 20 or 
40 beetles in the center compartment may have caused excessive initial 
crowding, with the insects hindering each others movements. As the 
females spread out, their full dispersal capabilities could be expressed. 
Trial 1 was conducted for only 3 hours, and the greatest mean dispersal 
was observed at the lowest density. The situation was reversed for trials 
3 and 4 with 6 hour dispersal times. 
The results generally agree with the field values in Part I. 
Increased activity rates were observed at higher temperatures and densi­
ties. Also, temperature appears to be a more significant factor than 
density. 
Selection experiments 
There was no evidence in the selection experiments that WCR females 
produce an aggregation pheromone (Table 11). Dispersing females did not 
show any preference between zipper cases with or without other females. 
Furthermore, the presence of other females did not enhance the qualitative 
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Table 10. The effect of density on the activity of western com rootwora 
females in four laboratory experiments 
Trial Dispersal time Density Avg. % dispersal 
(hours) (beetles/chamber) 
1* 3 10 43 
20 35 
40 32 
2* 5 10 44 
20 51 
40 42 
3** 6 10 50a 
20 60ab 
40 64b 
4* 6 10 65 
20 65 
40 68 
Treatments not significantly different at the 1% probability level. 
"kit 
Treatments sharing a common letter do not differ significantly at 
the 1% probability level with Duncan's multiple range test. 
attractiveness of a food source. In experiment B, zipper cases containing 
beetles and silks had obvious signs of feeding and defecation, but this 
had no observable impact on the dispersing beetles. However, laboratory 
experiments do not discount the possibility that feeding releases 
volatile plant chemicals increasing the distance at which a food source 
is perceived in the field. 
55 
Table 11. Selection chamber preferences of %restem com rootworm females 
for zipper cases containing various stimuli 
Treatment Replicates Avg. no. responders 
(beetles/compartment) 
* 
Experiment A 
Beetles 6 5.5 
Empty case 1 6 8.0 
Empty case 2 6 8.8 
* 
Experiment B 
Silks + beetles 9 7.7 
Silks 1 9 7.8 
Silks 2 9 7.3 
•kit 
Experiment C 
Silks 6 12.8a 
Empty case 1 6 5.5b 
Empty case 2 6 6.8b 
1.** 
Experiment D 
Hidden silks 12 12.3a 
Hidden empty 1 12 5.9b 
Hidden empty 2 12 7.3b 
^Zipper case contents hidden with black construction paper. 
* 
Treatments are not significantly different at the 5% probability 
level. 
Treatments sharing a common letter do not differ significantly at 
the 1% probability level with Duncan's multiple range test. 
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The results of experiments C and D Indicate that corn silks are 
highly attractive to WCR females. Olfaction appeared to play an impor­
tant role in the observed responses because hidden silks were signifi­
cantly more attractive than empty cases lined with black construction 
paper. The beetles could not contact the silks indicating the results 
were due to attraction and not arrestant behavior. The responsiveness of 
the insects did not appear to be affected by the holding conditions. 
Conclusions 
The greatest dispersal rates of WCR females were obtained at the 
upper temperature range of 28°C to 34*C and the highest density of 40 
beetles per dispersal chamber. However, density did not have as strong 
an influence on beetle activity as temperature. 
The selection chamber experiments did not provide any evidence of 
an aggregation pheromone or any beetle-produced chemical messenger that 
influences the activity of other females. The lack of mutual attraction 
between females agrees with greater activity rates being observed at 
higher densities. However, there were no obvious repellent responses 
in any of the selection experiments, and the basis for the density effect 
was not readily apparent. Contact between confined and dispersing beetles 
was limited, so physical stimulation may be necessary for behavioral 
interaction between WCR females. 
Without an aggregation pheromone, other factors must account for the 
spatial distribution patterns observed by Steffey (1979). An aggregated 
distribution could result from an irregular arrangement of resources, the 
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attraction of males to females releasing sex pheromones, or feeding 
beetles liberating food attractants and Increasing the distance at which 
the source Is perceived. 
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SUMMARY 
1. Spraying Insecticide on a 50-m border zone around a 6.4-ha area of 
com created a beetle concentration gradient for studying the trivial 
movements of corn rootworm adults. 
2. A diffusion model was modified to express population change due to 
trivial movements. The results were most reliable when a large 
beetle concentration gradient existed between adjacent areas. 
3. The average daily net displacement of adult com rootworms was 
17 m/day. The values ranged from no movement to 64 m/day. The WCR 
was the most abundant species in all fields and the results are 
primarily indicative of its activity patterns. 
4. Temperature had a highly significant effect on beetle activity in the 
field and in the laboratory. Higher mean dally temperatures were 
associated with greater net displacement rates. The percentage 
dispersal from the center compartment of laboratory activity chambers 
was greater at temperatures from 28°C to 34*C than at 20°C to 26*C. 
5. Density did not have as great an Influence on adult com rootworm 
activity as did temperature, but significant results were obtained. 
Generally, higher dispersal rates were observed at greater beetle 
densities in the field and in laboratory dispersal chambers. 
6. A lightweight row-adjustable emergence trap was designed that allowed 
emergence comparisons between fields with different row widths. 
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7. Inexpensive dispersal-selection chambers were modified from a design 
by Mikasa and Narise (1979) that provided significant results on 
female WCR behavior. 
8. There was no significant behavioral interaction between WCR females 
in laboratory selection experiments. The existence of an aggregation 
pheromone was not demonstrated. 
9. WCR females were significantly attracted to fresh com silks by 
olfaction. 
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(Al) 
APPENDIX 
Pick's Law was presented by Clark (1952) as: 
AQ -daAC 
At Ax 
AQ " - QQ " change in amount of a diffusing substance between 
time o and time t 
At • t " change in time 
d = diffusion coefficient of a substance 
a " surface area effective for diffusion 
AC - C - C, « difference in the concentration of a substance 
o 1 
between adjacent areas 
Ax " X " length of the diffusion path 
Because the amount of substance available for diffusion is the con­
centration times the volume, an alternative form of Equation A1 Is: 
^(Cv) _ -daAC , . 
At Ax 
A(Cv) = (C^ - C^)v = change in the concentration of a substance in 
a given volume between time o and time t 
The computational form of Equation A2 is : 
(C. - C_)v -d a (C - C.) 
—Ë o o 1_ (A3) 
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Terms may be substituted In Equation A3 to express the change In 
Insect concentration due co trivial movements. The main difference 
between Equation A3 and Equation A4 is that the concentration of the 
former is defined as substance per volume, and the concentration of the 
latter refers to insects per area. 
(N^ - N )a -m* a(N - N ) 
^ , ° 2 S_ (A4) 
- concentration of insects after time t 
- concentration of Insects in the original population 
Ng - concentration of Insects in the surrounding population 
m* - sinq)le population displacement rate during time t 
p - average distance from the center to the perimeter of the 
population habitat 
a = area containing population * area effective for diffusion 
because Insects may depart from anywhere within this area 
When Equation A4 is solved for N^, the a values cancel and Equation 1 
results. 
